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Executive Summary
¢CKS t2NItlyR

& D NB Snfile lin@alopdn space ruhnind. d@ugdahé BeRrt of the city,
connecting existing and new open spaces, parks, gathering areas, and walking and biking pathways. As

envisioned, the Green Loop cong¢epquires significant infrastructure investments, and would result in
both shortterm and longterm impacts on transportation (for all travel modes), environment and
economic development. The goal of this project is to characterize, quantify and anbbs® ¢osts,

benefits and impacts, particularly focusing on case studies of similar infrastructure investments in active

transportation and analyses of property value impacts, economic (inptgut) impacts and preliminary
business/retail activity impact©ur key findings are as follows:

Case Studies & Interviews

The research team examined eight case studies i
North American cities that have or plan to
undertake significant active transportation
infrastructure investments. We then conducted in
depth interviews with planning officials in three
cities to obtain furher insight into their planning,
implementation and evaluation processes. We find
that significant public outreach, often to
underserved areas, is highlighted as key to both
development and success of the infrastructure
investments. By integrating new iafstructure
improvements with preexisting networks, these
cities both reduced the cost of improving active
transport and arguably smoothed adoption by
users. Finally, performance and outcome
measurements are cited as key to assessing an
understanding the #ectiveness, efficiency and
equity of these programs and investments.

Property Value Impacts

We find that introducing advanced bicycle and
pedestrian infrastructure like the Green Loop
provides positive amenity values for nearby
residential properties, wen after controlling for
other factors that influence property values. We
estimate that average property values will increase|
by approximately 0.05% for singfi@mily homes,
and between 6.46% and 7.96% for mdiimily
homes. The most significant impactsill be
concentrated in neighborhoods that are located
closest to the Green Loop, allowing for easier
access to the amenity.

=)

NQR@ Northwest EconomidResearch Center

Economic Impacts

IMPLAN, an inpubutput (1/0O) based economic
model, is utilized to estimate macroeconomic
impacts of two hypthetical test scenarios that
illustrate a range of impacts associated with
different levels of infrastructure investments. The
Low Investment test scenario is estimated at
$10,427,929 in general infrastructure investments
with 2% going towards public aristallations, and
the alternative High Investment test scenario is
estimated at $67,973,039 with seven potential
signature park sites. The scenarios create 156 to
783 fulitime equivalent jobs, and generates $22 to
$114 million in economic output, conceated in
construction, architecture, engineering, and
related services, and food services industry sectors.

Business Activity Impacts

Research has shown that active transportation
infrastructure has potentially positive impacts on
business activities aretonomic vitality in a region,
and a preliminary benefits transfer analysis based
on estimates from Clifton et al. (2012) and Dill and
Carr (2003) is conducted to understand how local
businesses might be affected. Our preliminary
analysis shows small inases of 0.18% to 0.20% in
annual sales in supermarkets, convenience stores,
drinking places and restaurants that are located in
close proximity to the Green Loop. Further
research that specifically examines changes in both
bicycle and pedestrian mode share conjunction
with business activity impacts before and after
street infrastructure improvements or conversions
will be necessary to accurately characterize how
active transportation infrastructure affects
businesses and economic development. Additional
impacts may be likely if additional consumers or
tourists are attracted to the Green Loop.
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I. Introduction and Context

This economic analysis is envisioned as aphase project with Phase | incorporating elements of a
costbenefit analysis and economic impact analysis funded through ISS, and with a Phase Il focusing on a
citywide greenway atwork (Green Loop would be one component of this citywide network) economic
analysis with additional livability, equity and sustainability components funded through a competitive
proposal at the National Institute for Transportation and Communities (NTH®) report is the

culmination of Phase | of the project.

¢tKS GDNBSy [22]I
approximately6-mile linear

open space proposed through
the heart of Portland. It would
include and connect open
spaces, parks, gathering areas,
and walking andbiking pathways &~
attractive to walkers and bikers “x
who may be uncomfortable
using the current facilities
downtown. It would run north
south on both sides of the
Central City, approximately 10
blocks in from the riverfront trail
system, and be linked to the
bridges, surrounding districts and neighborhoods by ee@s$t connections. The project is intended to

spur additional economic development in the Central City and make it easier for pedestrians and cyclists
to explore the area

As envisioned hte Green Lop conceptrequires significant infrastructure investments, and would result

in both shortterm and longterm impacts on transportation (for all travel modes), environment and
economic development. The goal of this project would be to characterize, quantifanalyze these

costs, benefits and impacts in a comprehensive and unbiased manner. In addition, this research serves
to establish an analytical foundation for the impacts of urban greenways for further research.

As part of this research process, thERIC team first conducted a thorough literature review of the

current state of research on the economic impacts of infrastructure investment, traffic changes, bike
facility investment, and similar infrastructure projects, among other topics, as well an@eoensive
methodology review to assess various approaches to the quantification of costs and benefits of bike and
pedestrian infrastructure. Then, we draw key lessons from case studies of North American cities with
similar urban greenway diicycle/pedetrian infrastructureprojects and/or bicycle/pedestrian plans

These case studies atemplemened by semsstructuredinterviews of several key planneirom

selected urban areag-inally based on the literature and methodology reviews, case studies and
interviews, in addition to scenarios developed by BPS and Portland Bureau of Transportation (PBOT), we
analyze property value impacts, economic impacts of infrastructure investments and preliminary
guantitative sustainability impacts.

NQR@ Northwest EconomidResearch Center
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ll. Literatureand Methodology Review

Regions investing iactive bicyclanfrastructure have seen considerable economic impantsuding
increased economic activitjob creation, business vitality, tourisand property valueimprovements
Thewider usageof active transport modethat follows infrastructure improvements for both
commuting and recreation mayingadditional impactgo publichealth, environmentand household
finances The following discussion of recent studies and the experiences anegiaking such
investments covers each of these interrelated impacts.

[I-1. Economic Impacts

Investment into bicycle and pedestrian relatednsportationinfrastructure introducs new spending
into the localeconomy, whichhas a welestablishednultiplier effect throughout the entire regional
economy.Typically, inpubutput models are used to evaluateitoveralleconomic impactwhich can
take the form ofdirectinfrastructure investmentindirect bicyclerelated industryeffects(includng
tourism), andgeneral impacts obusinesss serving the area of investment

Infrastructure Investmentimpacts

There are twamaininfrastructure project costs: capital costs and operating cfstsl. Krizek, 2006)
Capital costs are expenditures diredtto the constructbn offacilities and equipmerguch aon-street
facilities (bike lanes, wide curb lanestriping,and signed routa), off-street facilities (likeshareduse
trails andpaths), and the equipmensuch asigns, signals, barrierand parkingln practice, identifying
the cost for bicycle and pedestriarlated infrastructures challenging, sincmuch of thisinfrastructure
- like roadway shoulders and sidewallare inorporated with overall roadway project¥ermont
Agency of Transportation, 201 Dperating costsfor this type ofinfrastructure typically include
securig, policing and maintaininghe facilities including maintenance of pavement, drainage, traffic
controls and landscap@ J. Krizek, 2006)

Both the direct and indirect economic impacts of constructing and operating active transport facilities in
can be estimatedisinga macroeconomidénput/output (I/0) modelsuch aiREMI and IMPLAKDNne such
analysis of bicycle infrastcture in Vermont indicated that the expditure on suchfacilities creats
construction jobs as well as suppstte professional/technical servicagctors Every one million

dollars of active transport program/planning spendings found to supporhealy 32 workers

(Vermont Agency of Transportation, 201Zhestudy estimatedotal economic contributioato be $17

million in output, 233 jobs and $10 millian laborincome

Bicyclelndustry Impacts

Investments in bicycle infrastructuare generally positively correlated with arcrea® in theusageof
bicycles(Pucher et al., 2010 KA OK Ol y A YLI OG NBf I Mé&yRregivdgaidy Sa 4S5S4 Q
cities, including Wisconsin, lowa, Minnesaad Coloradohaveconductel studies to evaluate thee
impacts(Flusche, 2012Bicycleindustry subsectorsnclude manufacturing, wholesalanddistribution,

retail and service and other servicasTaking into account spitlver effects to other bicycleclated

1 The manufacturingsubsectorincludesmanufacturing obicycles, parts and accessories; wholesaild

distribution also includesnporting; retail andservice isisuallythe largest subsector anthcludes sales and repair;
other services include event promotion, industry representation and other ancillary sefidieas Runyan
Associates Inc., 2014)

NQR@ Northwest EconomidResearch Center




PORTLAND GREEN LOOP ECONOMIC ANALYSIS |

activitieslike entertainment and recreation, one study estimated thationally,bicyclerelated
activitiesproduce a$133 billion economic contribution,1¥.7 millionin federal and state taxes, and 1.1
million jobs(Outdoor Industry Foundation, 20Q6)

Impacts of thespecific subsectors of the bicycle industing expressedn terms of employment,
personal income and outpdhrough input/output economiémpact modelsThese types of economic
impact studies are a way of characterizing the economic cauttdh or economic significance of the
existing bicycle industry within a geographic arféar. example,tie Wisconsin Department of
Transportationused REMI to estimatdat the Wisconsin bicycle industry contributeser 2,103obs
directly in the stateandanother1,316 jobsindirectly. This corresponds tapproximately$377million

in annualeconomicoutput and $108nillion of personal incomégBicycle Federation of Wisconsin &
Wisconsin Department of Transportation, 201A)smilar approach wasakento evaluate the economic
impacts of bicyclgpedestrian oriented business in Vermont, which fondontribution of$56 million of
output, $26 millionin earnings and 1,025 jaifVermont Agency of Transportation, 2012 recent
Oregon bicycle industry study used an industry survey to show that there are over 400 bicycle retail and
service businesses, and several emerging manufacturers in Oregon, especially in the Portland
metropolitan area. They found a total 0of625 jobs, both fuitime and parttime, were engaged in the
bicycle industry, contributing $83.3 million in industry earnings in Z0EAN Runyan Associates Inc.,
2014)

Cther important componers of the economicimpactof the bicyclerelated industryare tourism, events

and recreationMeasuring theeconomic impacassociated with these components typicdlggin with
characterizingexpendituresrom visitors and event participatofer lodging, retail purchase

entertainment and goods and serviegBicycle Federation of Wisconsin & Wissim Department of

Transportation, 2011 Many international and domestic citi¢sese types of impacté ¢ L YLX SYSy 4 !
. A0 0t S w2dzi SY 9 QEFof &afipl® atudy ihDUBked Eanada showedihat cycle

tourists spend 6% more than other types ofitists with an average expenditure of $214 per.day

Colorad® a S OReyfefitsfdm$250-300 millionstemming frombicycle tourism andicyclefocused

events, particularly in ski resort areé&rgys &locan, 2000)A recent economic benefit study of

bicycling in Michigaoreaed an analyticaframework to evaluate¢ourismimpact of bicycling

6a/ 2YYdzyAde FyR 902y2YAO . Sy Sheautharscéntiuctedin@idpt Ay 3 A Y
surveys at six bicyclaelated eventgas case studies for all bicyetdated events in the stateand online

surveysfor other eventgo gatherinformationon trip expenditure patterns, which provided input data

for IMPLAN moddatg. They found that oubf-state participants in bicycling events spent approximately

$15.6 million ddlars in Michigan, translating to a total of $21.9 million in total economic impacts for the

state.

BusinessVitality/ ConsumerSpending

Evidence shosthat active transportation infrastructurenight positivedy impact business district

prosperity andeconomic vitalityDrennen, 2003; Flusche, 201Zhere are manyase studies from

North American and European citidgat compae salesand customer&expenditures before and after

the construction obike facilitieswhichcollectivelyestablishthat cyclists and pedestriarisdeed

enhanceretail activity inshopping dstrictsthat support regional busineg&lusche, 2012; Jaffe, 2015)
WETFSQa unmp aiddzReé FdzNIGKSNI adzyYF NART Sa mu Ol asS aiadz
effects of losses in parking spaces and conversions to bike lanes on bugdpestunities, and found

NQR@ Northwest EconomidResearch Center
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that there islittle to no impact on local business, and in some cédmles lanegnight even increase
businessOn the other hand, although the majority of the research in this area points to positive
business impacts of activeansportation infrastructure, one shoeterm impact study of Vancouver, B.C.
found a small net decrease in sales after the implementation of a separated bikéStamtec, 2011)

In addition travel mode choiclas been shown tbe correlatel with differentconsumerexpenditure
behavios. An analysis of 78 businesseghie Portlandmetropolitan areafound that peoplewho bike or
walk spend similar amounts or more on average thhait counterpartsvho drive since nordrivers
tend to travelmore frequently to these destinations than drive8pecifically, cyclistend to spent less
on grocery trips, but more at restaurants, bars, and convenience sf@léton et al., 2012)A surveyof
the EastVillagein New YorlkCityfound that cyclists spendn average 0$163 per week compared tan
average off143in spendingdoy drivers(Jaffe, 2015)

[I-2. PropertyValuelmpacts

In general the literature supportsthe hypothesis thabicycle and pedestrian related facilities or
greenwayinfrastructure tend to have positive impaats property value (Cortright, 2009; Lindsey,
Man, Payton, & Dickson, 2004a; Nicholls, Crompton, &msti2005)Hedonic pricing analysis is the
most commonly used methodology to explore the impacts of bicycle facilities and greenways on
property value(Brander & Koetse, 2011; K. Krizek, 2007; Lindsey et al., 2004a)

Cortright (2009) analyzed 15 different housing markets around United States, andtf@mivdalkability
had positive impact on home values in 13 out of 15 housing markets. Another study found that
proximity totrailsandgreenways (trds with greenbelts) are correlated witl@ 4% and 5%ncreases

in homeprice (Asabere & Huffman, 2009t venrafter controllingfor spatial autocorrelation between
greenspaces and property vakiethat is, the correlation between the values of neighboring homes or
likelihood of green spacesempirical studies haviound that greenspaces haksignificant positive
impact on residential property vals€Conway, Li, Wolckahle, & Jerrett, 2010Dther efforts have
expandedoeyondsinglefamily property impacs andfound thatwalkability benefits commerciakavell
asmulti-family residential propertyalues, buthe same benefits were not evident industrial

properties (Pivo & Fisher, 2011)

Research has shown thaitoximity to greerspace predicts an increase in land value. Coupled with the
existence of recreation travel to green areas and its associated travel costs, this change in market price
ARSY(GAFTASAE NBONBIFGAZ2YyLFE 3ANBSY &Ll OS | afthirty- &2 dzNOS
eight contingent valuation studies regarding urban and-pepian green space found that areas with a
recreation use component are valued approximately 322% more highly than land that serves

preservation or aesthetic uséBrander & Koetse, 2011A 2001 Vermont park user survalgofound

that 64% of respondents stated that they valued recreatlarse most highly (out of eleven possible

uses), andinalysiof a subsequent willingnegs-paysurveyquestion resulted in an allocation of 28.3%
valueto recreation, over twice the allocation of the next mastlued us€Manning & More, 2002)

The below hedonic property value model represents the general form for such models:

PI' ob Hb :9b N+C
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Here, the dependent variable is Rome sale price.ii$ a vector of property characteristiéshich

would include proximity to advanced bike facilities and density of these facilities in a buffer Sina)

vector of school characteristics, andifNa vectoof neighborhood characteristi¢kiu & Renfro, 2014)
CdzNIIKSNX2NBZ (GKS dzyAljdzS &G NHzOGdzNE 2F h NBE2sy Qa LINE
f SR (2 fFNBS KSGSNR3ISYySA(Ge | ONRP&aa LINRPLISNIASa Ay
FYR wWSYFTNRQa ouvHnmnO &LJS OAratid @dsésded valueltRreal niake? valiey Of dzR S
ratio) variable to capture the cdtalization effects of varying property tax liabilifihis modeltilizes an

ordinary least square©L$mixed-effects approactio incorporate a combination of timeariant andg

invariant variablesand each coefficient describes the marginal value &éttbmeowner of

improvementsor amenitiesin each vector. A prior effort to construct a model relating walkability (in

strict terms of proximity) to property value found no impadtwalkability on property valueis

industrial zones, so it is likely thategn spaceor other active transportation infrastructureill be

similarly irrelevantpur estimationand analysis withot include an industrial componefiPivo & Fisher,

2011)

While many property value models that relate green sp@oel trail infrastructurejand walkability to
residential property values have been déyged, there are fewer empirical studies that consider
commercial or industrial property. A commercial property value madeltake orthe same form as

above, with a modified set of explanatory variables. One previous effort to analyze the value of office
aLJ OS Ay tS2NRIFXY LffAy2Aa AyOfdzZRSR az22Ré&Qa O02YYSN
elements, floor size, parking ratio, existence of food service facilities, number of stories, years of
construction and renovation, proximity to transibcation (urban or suburban), and class of building
(Monson, 2009)Additionally, pior studies hae fourd that trafficcalming measures, including changes

to roadways that intend to reduce traffic speeds or motor vehicle traffic volume or to improve safety for
all usersjmprove business in commercial zor{@ennen, 2003; Jaffe, 201%)r @mmercial

properties, building characteristics may include square footage, LEED certification, and age. The
neighborhood characteristics {{Nector is the location of the key greenspace and walkability variables,
as well as proximity measures (greenspace and CBD or neighborhood centroid), median income by
census tract (as a proxy for consumer spending), and crime rate.

For property value maels, a semlogarithmic approach is preferred, because in addition to narrowing
output value range and minimizing heteroscedasticity, this form provides coefficients that directly
represent percent impact on the dependent variaf@ulyani, Bassett, & Talukdar, 201Qur proposed
model takes thdollowingform, and can be applied to both residential and commercial property types,
given adequate property sales data:

In |3||-I o'j‘j Hb 2Sb 3N|i+¢

In following sections, we will apply the above hedonic price property value niogebperties sold in
the City of Portland. The estimated coefficients can subsequentlysbéd to predict property value
changesmpacted bythe Green Loogoncept However, due to limited data and sample size of
commercial and industrial property sales, we focus only on residential properties in this study.

NQR@ Northwest EconomidResearch Center
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[I-3. Additional Sustainabilitimpacts

There are many social and environmental bendfitt the proposed Green Loop projeatould provide
that are not accanted for in the property valuegconomic impacor business activity analysi§his
section providea brief overview of these benefits amasic benefits transfer framewotkrough
which they an be analyzed

Mode Shift

The literature shows that construction of new bike lanes and paths increases the mgeent

recreational and commuting cyclists, and improvements to existing facilities draw incractbesl
transportationtraffic as wel(Barnes, Thompson, & Krizek, 2006; Dill & Carr, 2003; Nelson & Allen, 1997,
Tilahun, Levinson, & Krizek, 200&)2006study of mode shift in the Minneapolst. Paul area following

the monstruction of extensive new urban bicycle faciliieshe 19909oundthat bicycle mode share
increased by.3 percentage pointsaf increase 017.5%- from 1.7% to 2.09 and a crossectional

1997 analysisf data from 18 U.S cities found that eaclilerof bikeway per 100,000 residents was
associated with a 0.069% incredaebicycle commutingBarnes et al2006; Nelson & Allen, 1997n

2003,Dill and Carr (2003¢peated that same methodology, incorporating more explanatory factors and
data from 35 cities, and found a rate of almost 1% increase in mode share per additional mile of bikeway
per square mé.

Additionally, Dill and Carr found that infrastructure improvements wereathly class of explanatory
variable with a statistically significant impact on bicycle mode shasecioeconomic traits, public

support for cycling, and even weather patterns proved ultimately irrelevant. The authors caution that no
causeand-effect relationship can be inferred, but nonetheless affirm that if new facilities are
constructed they will ceainly be usedDill & Carr, 2003)A stated preference study conducted in
MinneapolisSt. Paul found that cyclists are willitigtravel for up to twenty minutesonger in order to

use a path separated from automobile traffic andsireet parking(Tilahun et al., 2007)

It is worth noting that there is a countervailing force at work: in heavily congested urban areas, any
reduction in trafficresulting from modal shift towaslbicyclings likelyto be quickly dissipated, as
drivingcommuters respond to increased lane space and shift their behavior accor(lagiyero, 2002;
Noland, 2001)This phenomenon results from latent demanddemand that expands with supply. Itis
probable that any freealne space or reduction in traffic will be shdisted at best, leaving greenhouse
gas and congestion impacts nullifidfilatent demand is not a factor, the reduction in vehicle miles
traveled can be estimated by applyingpde substitution factors and treportation elasticitieso
estimate mode shiffLitman, 2013)This ratio isnore difficult to determinefor cycling because bicycle
trips do not automatically replace car tripsindividuals are more likely to choose an active mode of
transport for shorter trips. A 2001 study of shapg trip transport choice in Austin, Texas, found that
73% of walking trips were substitutes for driving trips, but all such trips were very short in duration,
totaling an average of 2.1 miles per individual per maitandy & Clifton, 2001)

Assuming any reduction in motor veldahiles traveledind increases in active transportation mode
sharegpersist in the long run hie additional sustainabilityelated benefits derived fronthese
investments into active transportation infrastructure and resultimgde share shifican be catgorized
into the following:greenhouse gas emissi¢@HG)}avings, congestion time savings, public health
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benefits social benefits and ecosystem serviddile these potential benefits may not be easy to
guantify, they may nonetheless be significant.

GHG Emission Savings

It has been documented that carbon dioxide and carbon dicemgigivalent emissions have negative
environmental, economic ansbcietal impact, andtheseimpactmaybe measured by quantifying the
economic costof coastal destructionnicreased disease, decreased food production, and other factors
Theseimpacts aretypicallyaggregated andheasured as the marginal cost of an additional metric ton of
CQ emissions, and termed the social cost of carbon, or. BQLS government interagepavorking
groupconsisting of scientific and economic experts from Council on Environmental Quality, National
Economic Council, Office of Energy and Climate Change, and Office of Science and Technology Policy,
EPA, and the Departments of Agriculture, ComeaegEnergy, Transportation, and Treasury publishes
estimatesstarting in 2010 with updates and revisions in 2013 and 2015. These estimatesre&ied

by averaging predictions from the three prevalent integrated assessment models (DICE, FUND, and
PAGE)and Figurel belowpresents the SCC forecast out2050 at varying discount ratéeteragency
Working Group o Social Cost of Carbon, 2013)

Social Cost of CO3, 2015-2050 ° (in 2007 Dollars per metric ton CO5)
Source: Technical Support Document: Technical Update of the Social Cost of Carbon for Regulatory
Impact Analysis Under Executive Order 12866 (May 2013, Revised July 2015)

Discount Rate and Statistic

Year 5% Average 3% Average 2.5% Average 3% 95™ percentile
2015 511 536 256 5105
2020 512 542 S62 5123
2025 514 546 568 5138
2030 516 550 573 5152
2035 518 555 578 5168
2040 321 560 284 2183
2045 523 564 289 5197
2050 526 569 595 5212

*The SC-CO, values are dollar-year and emissions-year specific.

Figurel. Estimate of Social Cost of €@0102050)

Regardless of the dollar amount attributed to the known damage caused by increased GHGs,
transportationcontributesto total emissionsAccording to a 2010 report for the Transportation

Research Board, the United States collectively emits 7,150 million metric tonsep@Cyear, and over

a quarter of that comes from the transportation sector. Of that quarter, 61% comes from passergjer ca
and light trucks approximately 18% of total U.S. emissi¢@allivan & Grant, 2010 he United States
Environmental Protection Agen€iPAproduces similar estimates, reporting that in 2013,

transportation was responsible for 27% of total emissions, and points out that this number has
increased 16% since 1990 (although new fuel economy standards implemented in 20@& el
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reversed thistrendp) a DNB Sy K2 dzA S DI ZReducihl dutbrhativé rave, and thus GHG
emissions, is a vital part of the effort to control global warmihige propose@reen Loogoncept, as
investments into active transportation infrastructure that can potentially increase cycling and pedestrian
mode shares, can contribute towards reducing GHG emissions and lowering social costs of carbon.

Congestion Time Savings

Reducing the numdr of vehicles on the road provides another benefavings in the form of time for
commuters. The value of travel time, or VTT, is calculated as the product of time spent traveling and a
given unit cost. This unit cost varies depending on a variety tfriadncluding trip characteristics and
individual traveler preferences, but is usually estimated abQ% of the prevailing wad#ictoria

Transport Policy Institute, 201.3Fongestion imposes additional costs in the form of uncertainty,
because the perceived value of time, especially when commuting, increases if delays are unexpected
(Economic Development Research @ranc., 2005)

One interesting exception to the standard VTT model occurs when individuals choose to walk or bicycle
to work: many who do so report that they actually derive value from their commute, enjoying the first
20-40 minutes (although this eftt decreases or disappesaafter 90 minutesjVictoria Transport Policy
Institute, 2013) By facilitating easier active transport commutes in the central Portland area and
decreasing congestion, the Green Loop potentially increases VTT savings in two different ways.

Public Health Benefits

G¢KS odzAft G | yR yI {dzNI f,bShe@dcialBryinsréngri and by pessknkl @astorsi K S &
d4dzOK |'a 3ISYRSNE | 3 Edwarldd@ATEokrase2006 R BaAASPEAA 2y &I Ol 2 N
decision to participate in physical activities such as bicycling, jogging or walking. Infrastructure

investments such as the proposed Portland Greempls®yves a crucial role in the promotionauftive

OGN} YyaLR2 NI o6& aONBFGAY3 SYy@ANRBYYSyida |yR 2LIJJ2 NI dzy A
2006), leading to loweinactivity rateswhich tend to decreashealthcare costs and productivity costs

related to poor health. A 2006 report published by the National Cooperative Highway Research Program
(NCHRPbpoked at ten different attempts to quantify these costs on an annual basis and produced a

median result of $128orth of health cost savings peapita per yeafthe lowest value was $19, and

the highest was $1,17%K. J. Krizek, 2006)

In order to determine the value of public health benefits derived from the Green Loop Projsoyld

be necessary to identify the total number of nawgers, and multiply that by estimated annual health

benefit (Atlanta Bétline Community Connector, 2013ndividualwillingness to engage itycling in

Portland can be characterized along a continuum, ranging tiamwilling to bike at afito dfearlesg of

even the most dangerous routes. The majority (about 60%) fail®in I INR dzLJ G SNX¥ SR daLy (!
I 2y OS MM @poe for the Portland®ffice of TransportatioiGeller, 2009)These individuals like the

idea of cycling, but safety concerns keep them off of roads. By creatimyeawelcomingand carfree

environment, the Green Loop Project has the potential to attract new cyclists from this demographic

Social Benefits

There is a large body of recent literature that investigates the social benefits of green(Kpace011)
Suchstudies indicate that green spaces, especially in urban environmemttinged to reductions in
crime,increased perceptias of connectivity and support and stronger community engagement.
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Kuo and Sullivan (2001) found conductednession analysis ofi¢ relationship between vegetation and

number of police reports filed in 98 inneity apartment buildings in the Ida B. Wells public housing

project in Chicago over the course of two yedrgeyshowed that the existence of vegetation outside of
buildingswas connected to significant reductions (approximately 40%) in both violent crime and
property crime AM dpcpH O2 Y LI NRaz2y 2F @GA2t Syid AyOARSYyd NI GSa
living facilities in British Columbia found that facilities thatl recently been remodeled to provide

residents with access to green space halted the conventioealhgcted increase in violence over time

(due to the degenerative nature of the disease). At facilities without green space, violent incidents

increased g 681%, while at those with gardens, ttege actually declined by 19¢#ooney & Nicell,

1992)

An analysis of information compiled in the 26B001 Los Angeles Family and Neighborhood Study

across sixtyffive census tracts in Los Angeles determined that residents in areas with (@@ identified

using county geographical data) report higher levels of mutual trust and willingness to help one another,
even when a variety of other demographic and locational attributes are taken into ac@ahéen,

Inagami, & Finch, 2008h 2009, Dutch researchers examining data from the second Dutch National
Survey of General practice (DNSZh comparison to the National Land Cover Classification (NLCC)
databasefound that, over a sample of over 10,000 individuals, proximity of less than 1km to green space
was related to a higher perception of social connectivity and support and lower reported levels of
loneliness. A wide variety of controls were used, includictgal level of social engagement (as

measured by reported interactions), and proximity to green space was the only reliable predictor of
perceived social support and decreased loneling4sas, van Dillen, Verheij, & Groenewegen, 2009)

Taken together, the above studieffer support for the social and psychological value of green space.

Ecosystem Services

TheproposedD NESY [ 22L) t N2P2SOU A& RSAONBERSRI HEET SR NIZAR Y
pedestrian use. A widelgited article from the 1997 edition dature identifies seventeen different

types of economic benefits that can be derived from natural environmental features, and of these

seventeen, six are considered to have major importance in urban areas: air filtration;catiioede

regulation, noise redction, rainwater drainage, and recreational or culturalues(Bolund &

Hunhammar, 1999; Costanza, 199X)ined path of the type proposed offers all of these services, and

although these benefits will be small in scope when compared to others described in this section, this

distinct benefit typeremains notals.
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l1l.CaseStudies

[lI-1. Overview

As part of our background research for this project, NERC reviewed reports on similatractbgrt
infrastructure initiatives across the nation, and interviewed key individuals who were involved in both
the preliminary and implementation phases of each city plabétter understand the costs, benefits
and impacts associated withe initiatives. We examined eight North American citiksstin, TX;

Chicago, IL; Denver, CO; Indianapolis, IN; Minneapolis, BIMNY&rk, NY; Vancouver, B@d

Washington, DCall of which hackither updated their bicycle/pedestrian plans in the last five years or
have implemented pilot infrastructure projects for cyclists or pedestrians.

In general, all plans researched featureammmunity outreach prominently it appears that the lowest

cost way to determine what a community needs is to ask. Almost all plans used bicycle and pedestrian
counts to measure success, and three citiéisdianapolis, New York City, and Vancouver BC

conductal economic impact analyses of some part of their paommplete summaries of the above

active transportation plans can be found in Appendix Al of this report.

The city of Austin, Texas, has long sought to improve active transportation with a seriegpterstythe
most recent of which is the 2014 Austin Bicycle Master Plan. In this plan, the city describes
improvements that took place following the previous Plan (issued in 2009), including 84 miles of
bikeway construction and a documented 100% increadsdycle mode share throughout the city,
bringing the share of commuters choosing bikeas high as 13% in some areas. Proposed future
improvements include construction of 247 additional miles of bikeway (featuring physically protected
lanes), increasedfforts to shift short trips from automotive to bicycle mode by improving facilities, and
connection of all desirable destinations to further increase mode share. These new improvements are
estimated to cost $161 million, and such funds have traditiorayn provided by the city general fund,
voter-approved bonds, federal grants, and the local transportation fund (2014 Austin Bicycle Master
Plan, 2014).

The Chicago Streets for Cycling 2020 plan includes the ambitious goal of providing bicycle facilities
within a halfmile of every Chicagoan, and emphasizes the greater need for bikeways in more densely
populated areas. Additionally, the plan notes that improved infrastructure is best located in areas where
ridership is already fairly high. When compldteir active transport network will be 645 miles long.
Funding is will be derived from a federal grant, as well as various local sources. Notably, the city plans to
pair bike lane installation with arterial resurfacing projects, thereby minimizing dokisggo Streets for
Cycling 2020, 2012).

In Denver, Colorado, the Denver Moves Plan (2011) lays out a $119 million plan to construct an
FRRAGAZ2YLEFE wTn YAESEa 2F I O0A D Sof-deadN$ & AL INKIR BF Vi KEEE Ac
intersection teatments) and removal of existing barriers. Funding is anticipated to come from state and

federal grants. Metrics for success include traffic counts, mode shift estimates, crash data, geographic

equity, and active transport infrastructure spending (DerMewves, 2011).

Indianapolis, Indiana, is home to the Indy Cultural Trail, one of the first projects of its kind: an urban trail
designed to create a sense of place and community while uniting all corners of the city. This trail, which
cost approximately & million dollars to complete, was funded initially using $27.5 million from local
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investors and stakeholders, and later with $35.5 million in federal grants (including a $20.5 million
Transportation Investment Generating Economic Recg, or TIGER, graftom the Federal

Department of Transportatior) ¢ C! va>é¢ Ly R&Odzf GdzNF f G NI Af P2NHOU® Ly
official, it was emphasized that the twghase construction of the trail was essentidhe first section

(about 4 miles) allowed planngto learn from the experience and construct the second half more

efficiently. Additional greenways improvements are discussed in the Indy Greenways Full Circle Master
tflrysS 6KAOK F20dzaSa 2y SyKFyOAy3a | ODS anmT (BKS KS [/ dz
greenway system). Major plan objectives include completing and improving existing bikeways, creating a
64-mile circle that connects four parks at each corner of the city, and working to close existing network

gaps. New construction is anticipataatotal 139 miles, and cost a total of $44.2 million. An economic

impact analysis conducted as part of the Full Circle Plan estimates that 90% of that cost will be recouped

via increased property tax revenues (Indy Greenways Full Circle Master Plan, 2014

The Minneapolis Bicycle Master Plan, released in 2011 and updated in 2015 to emphasize the
importance of protected bikeways, sets the goal of constructing 183 miles of bikeways at a cost of $270
million, over the course the next 30 years. Progress lxetassessed by a wide variety of counts,

including traffic counts, mode shift calculations, crash data, bicycle theft data, complaint counts, and
counts of events designed to provide bicyoddated education and outreach (Minneapolis Bicycle

Master Plan2011).

New York City released their comprehensive transportation strategy, Sustainable Streets, in 2008.
Although this is a plan that includes all types of transportation, the goal of doubling bicycle commuting

by 2015 is explicitly stated. Improvemeimslude 200 miles of new bicycle facilities by 2009 and

completion of the 1997 New York City Bicycle Master Plan (which delineates 909 miles of bikeways).
Metrics for success include overall measures, such as number of bicycle commuters, number of crashes,
and number of active transport facilities. Additionally, the New York City Department of Transportation
funded an economic impact analysis, which used sales tax data to calculate economic activity before and
after bicycle facility implementation. In gerady the study finds that active transportation infrastructure
improves economic activity (NYCDOT, 2008; 2012).

The city of Vancouver, British Columbia, most recently updated their greenways plan in 2010. The goal is

to create a citywide network of 17 bik routes, totaling 87.5 miles in length, that will combine with
neighborhoodfunded and-maintained greenways to create a complete network that leaves no resident

with no more than a 28ninute walk or 1@minute bike ride away from such a facility. An adtdfial

y2Glto0fS 321t A& GKS OAGeQa STF2NI G2 AyadS3aANI (S Lidz
2F GKS OAGeée F00SaarofsS oAlGK2dzl GKS dzasS 2F | OFNJ 6
2011, a shorterm (two-month) impactanalysis was conducted in order to determine the impact of two
separated bike lanes built in the downtown area. This study indicated a small negative impact, but due

to its shortterm nature, it is unclear whether this negative impact was sustained. Exedieom other

such studies indicates that it probably was not, but nonetheless, this-$#ont negative impact must

be taken into consideration (Stantec, 2011).

In Washington, D.C., the 2005 Bicycle Master Plan, which focuses on improving existingiedva
decreasing collisions, was followed in 2010 by a downtown bike lane pilot project that sought to monitor
the success of three separate infrastructure improvements with the goal of applying the findings to
future projects. Results for each of the &ar areas were distinct and are presented separately, but
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across all locations, public perception of the projects was favorable and bicycle improvements did not
appear to come at a cost of automotive inconvenience.

[lI-2. Lessons from Interviews

Followingour examination of active transportation plans in various cities around North America, we
conducted semstructured telephone interviews with planning officials in Chicago, Austin and
Indianapolis in order to obtain further insight into their individuanoing, implementation and

evaluation processe3he subsequent paragraphs describe key lessons gleaned from these interviews.

Chicago

Chicago is of particular interest due to the emphasis on equity and distinct neighborhood traits
concepts emphasizeby the city contact, who sees the greenway plan as part of achieving broader
social welfare goals. Additionally, young professionalsiemographic associated with economic
growth--are typically more attracted to areas with healthy active transport system

tKS O2y@SNEIGA2Y KAY3ASR 2y [/ KAOF3I2Qa ONBIR YR AY
Sy3alF3SySyi S@Syia INB O2ylAydz2dzate dzyRSNBIF & 6AyOf
originally out of Detroit, which organizes weekly bike rides ggdowards riders of all ability levels),

FYR 2dzNJ O2y G OG YIRS LI NILIAOdz F NJy2G4S 2F GKS RAFTS
FYR AYRAOFGSR GKIFIG AaLISYRAYy3I GAYS a2y (GKS 3IANRdAzyRé
mode slare on a number of different levalgraffic counts occur in each neighborhood (at both rush

hour and on a 2hour basis), in addition to monthly counts at six downtown locations and quarterly

counts at twenty locations along arterial routes. Infrastructimgrovements are simultaneously noted,

in order to connect changes in patterns with such improvements.

Austin

In our interview with a contact in Austin, public engagement was similarly key to developing the

updated bike plan. An online survey was us®tb LJG dzZNB OA GAT SyaQ FGGdAGdzRSa G2
DSt fSNRA&A aC2dzNJ ¢&L)Sa 2F /e0ftAradasd NBLR2NI NBFSNByO
planning meetings in neighborhoods with higher minority populations, in the interest of pragoti

equity. Most notably to our purposes, the city has put extraordinary effort into quantifying the impacts

FYR 0SySTAGa 2F o0A1S FLOAETtAGASE OAlF GKS G¢KAYy]l . A
Austin and the Dutch Bike Embassy. Thenpry quantitative tool used was a new wéhsed

transportation planning software called the MOVE Meter (developed by Dutch consulting team MOVE

Mobility) that creates detailed maps showing congestion levels, trip lengths, and more; which can then

be usedo run hypothetical infrastructure scenarios and predict the changes that may occur in

response. Using preexisting data, these predicted changes can then be translated into quantified

impacts on health, timeaving, decreased costs, and more.

Indianapols

To see a close parallel to the Green Loop concept, we look to Indianapolis, where the success of the Indy
Cultural Trail described by our contact offers an example of the way in which-degéjhed pedestrian
thoroughfare can increase both active traast and sense of community and place. This trail, originally
conceived as an urban version of the popular local Monon Trail, was funded by a variety of stakeholders,
including local merchant associations and nonprofit organizations, all of which joiis waith the
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public in creating the initial design. Even during implementatiba plan remained dynamic, changing
in accordance with community input.

[1I-3. Case Study Conclusions

In conclusion, all of the cities we examined as case studies sigrific@areased their bicycle facilities,

and experienced increasing bicycle mode share in the past decade. Key lessons from these case studies
FNB adzyYFrNAT SR Ay GKS GlFLotS o0St26x FyR RSiGIFIAf SR a
infrastructure backgrond, active transportation plans and evaluation methods are included in Appendix

Al. Most cities consider safety, equitable accessibility, economic vitality, and health and environmental
impacts as important goals in their plans. Some cities, such as N&wAYistin and Minneapolis, also

conducted multidimensional evaluation processes for their active transport plans or projdotisever,

we did not find consistent practices for the evaluation of urban greenways, thus limiting the

comparability of projectand impacts. However, common themes do have significance for this project

and are summarized below:

1 Public Engagementll cities engaged in significant public outreach, often to underserved areas.
This technique was highlighted in the interviews, wheue contacts unanimously cited this as
key to both development and success.

1 Integration into Existing NetworksBy pairing new infrastructure improvements with
preexisting networks, these cities both reduced the cost of improving active transport and
argualy smoothed adoption by users.

1 Performance and Outcome Measurement&ssessment is key to determining the efficacy of
any public service. The cities that we researchetéd plans to engagim a wide variety of
assessment techniques, usually emphasizimgnges in mode share and traffic counts.

.8 fSFENYyAYy3a FTNRBY 20KSNJ OAGASAQ INBSyYysgle AYLINROSYS
this infrastructure change in a way that is both equitable and efficient.
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Tablel. Key Lessons from Case Study Cities

Total Active
City Transportation | Key Lessons
Infrastructure
1 Implemened protected bike lanes
9 Captuedshort trips into bike trips
Austin 210 (2014) 1 Buik a comprehensive bicycle network
1 Multidimendonal benefits analysisoverstopics of
mobility, environment, public health and livability.
T More focus and experience on protected bikeilities
Chicago 645 (by 2020) 1 Separatepedestrian plan provides tools and strategies
safer streets
1 Multiple facility types manual
Denver 270 (by 2020) 1 80% of moderate to high easd-use facilities
1 Bike facility economic impaealysisexamined impacts
Indianapolis 250 (by 2024) to property value,_property tax, job creation, economic
potential and retail sales
9 Cultural trailq conmecting existing greenways system
9 Public engagement during planning process
Minneapolis 210 (2014) 1 6E strategy: education, encouragement, enforcement,
engineering, equity and evaluation
1 Multidimensional evaluation metrics of streetdesign
New York 431 (2014) treatments
1 Economic impacts analysis of pilot projects
Vancouver, BC 88 (by 2020) i Bicy_cle/pe_destrian safety trgatmepts study
9 Business impact study of pilot project
Washington, DC | 131 (2014) 1 Pilot study of evaluating facility treatments
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IV.Economic Analysis

IV-1. Property Value Impacts

Following the traditional housing hedonic pricing modescribed previously in the literature review
section property values are typicallyetermined by a combination of characteristics such as property
characteristics (property size, age, taxation, etc.), regional and location characteristics (public school
quality, safety, distance to central business district (CBD), land use pattern, etc.), and overall regional
economic conditior. In addition to these chacteristics many studies identifiedccess to

transportation, especially access to bicycle and pedestrian facildaesaving potentiallpositive

impact on property valus (Asabere & Huffman, 2009; Cortright, 200Bjerefore, we extend the

general form othe hedonic pricing moddb the following InRT ob Hb b sN+G

PI' ob Hb NbsBb #G

where, the dependenvariable Pis the property sale price, i$ a vector of property characteristics,i®R

a vector ofneighborhoodcharacteristics includschools, neighborhood amenities and locati@is a

vector of bicycle facility characteristics, andsya vectoiof saleyeardummyvariables thatcaptures the

overall economiconditions The estimatosi iF YR 4+ NBLINBaSyid GKS YINBAYLf @
homebuyer, andhe C(error) term represents the remaining residuals.

In order to construct the datasdbr our estimation, Multnomah County residential property tax rolls

(including property salegjom 20162013were collectedand aggregatedBasiqroperty characteristics

are includedor each property in this datasetcludingproperty square footageyearbuilt, property

code(indicating type of property)as well aproperty taxes assesseth additionwe include a property

tax variable, AV/RMV ratio (property assessed value (AV) divided by real market value (RMV)), which
describes the percentage bf LINB LISNIi @ Q&4 NBIf YINJ SO @t ftdzS 2y GKAC
Previous studieflLiu & Renfro, 2014)ave found that differential property tax liabilities such as those

L2aSR o0& hNB3I2yQa aSladz2NS p IyR aSlad2NSE pn KI @S a
higherAV/RMVratios, indicating relativéy higherpropertytax liabilities result in lower property sale

prices, even after controlling for all other property and neighborhood characteristiesalso include

the property sale year variable as a dummy variable to reflect general market andmeoconditions

during the year when the transaction took place.

Using the gedocation of each propertyadditional neighborhoo@nd locationamenity variablegor

each propertywere matched and joined-or example, literature has shown thethool quaty asan
important determinant for propertyalues Each propertyin our dataset was matchetd an elementary
school catchment areaand standard testing reading and math scores, which served as proxies for
school quality, were assigned to properties witlsatchment areasA dataset showing incidence of
crime in 2012rfumber of crimaper 1000 residentsyere assigned to each neighborhowdPortlandto
serve as aneasure oheighborhoodsafety. Additionally, distance to CB&ntral business distrigt)
representing access to jobs and public sersjiegd population density, as a measure of thiban form

of the area are also determinants of property valu€he distance from the each neighborhood centroid
to downtown was assigned to properties to measuigtahce to CBD. Similarly, the population density
of eachCensudblock group was assigned to the spatial matched properties.
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Two keyvariablesare constructed to represent advanced bike faciltigsaracteristics at each property
distance to nearesadvancedicycle facility anéddvancedike facilitydensitywithin a half-mile radius
(half-mile is a commonly used buffer zone distance for measuring bike facility accessibility
bike/greenways studieflindsey et al., 2004p)The first variable representhe availability and ease of
access tadvanced bike facilities fromach property, and the second varialbpresents the extent of
the advanced bike facility netwodeound the propertyFigure2 shows the geographic distribution of
advanced bike facilities in Portland (both distance to nearest facility and density of bike facilities).
Although propeties are, on average, only 0.68 miles (3,602 feet) away from the nearest advanced bike
facility and have more than 0.74 miles (3,896 feet) of facilities within anhiédfradius, the spatial
distribution of the bike amenities are not equally spread witthia city boundaries, and drop off
significantly along the edges of the city.

Transactions which did not accurately reflect actual market value of properties were dropped from the
RFEGlIrasSadz AyOfdzRAY3I GRA&GNEBAASR ésales dtkrafsattians o y & & dzOK
Of  a&aATASR [FiallygbedtMse @e will Snfy Bahdesiblential properties, including both
singlefamilyhomes (SFHInd multifamily homes(MFH: townhomes or individually owned

condominiuns), all other propertytypes weredropped from the datasefThe distribution and value of

property transactions by neighborhoods between 2010 and 2013 is shokigune3 below.

2 Given the types bike/pedestridacilitiesproposedin the Green Loogoncept we will only consider the impact
of prioritized bike facilities, which includgycle track, buffered or separated bike lanaad Bike Boulevag] on
property values in order to property characterize the potential impacts of the Green. Mdepvill refer b these
Gel)Sa 2F O0A1SKLISRSAGNAIY FFrOAfAGASa.l&a al RAFYyOSR o0A1S
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Figure3. Distribution and Values of Property Transactions by Neighborhoods (220.03)
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Table2. Variable Descriptive Statistics

Variables Average Singlefamily Home  Multi-family Home
(N=21100) (N=17600) (N=3500)
Sale characteristics
Sale price $314,199 $316,573 $302,264
Property characteristics
Age of property 59.55 65.46 29.85
Size of property (sqft) 1625 1721 1140
AV/RMYV ratio 65.33 62.72 78.46
Neighborhoodcharacteristics
Reading score 75.34 73.31 85.52
Math score 67.93 65.73 78.99
Distance to CBD (mile) 4.15 4.45 2.63
Crime rate per 1000 residents 84.9 70.3 158.8
Population density 7481 6835 10731

(person/square mile)
Bicycle facilitycharacteristics

Distance to nearest bike facility 3514 3723 2463
(feet)
Bike facilitydensity 4012 3693 5613

(feetin halfmile radius buffer zone

Table2 aboveillustrates the descriptive statistics ofir cleaned dataset of property sales betwezil0
and2013, including variablahat describeproperty, neightorhood and bicycle facilitgharacteristics.
Overallresidential real estatén Portlandsold at amaverageprice of $314,199with single family homes
valued at approximately $316,573 and miitimily homes at $302,264, respectivelyhen @mpared to
multi-family homes, singkéamily homestend to be older(building age is 65 years on average compared
to nearly 30 years)arger (1721 sf compared to 1140 sdt) and have lower property tax liabilities as a
percentage ofheir real market values (RMMh addition, singldamily housesre typicallylocated in

lower densityarea furtherawayfrom the CBD Multi-family homes are typically located in more central
locations with better access to advanced-sireet bike facilities, both in terms of distancethe

nearest facility or availability of a denser network of bike facilities

Regression Modelg Ordinary Least Square (OLS)

We first estimateda pooledregressiormodelwith properties from bottresidential typesandfound

that the residentiaproperty type (singlefamily home or multfamily home) significantly influense

property value We then proceeded to estimata restricted model to chedor any structurathangen

the determinants of property values for the two different types of homes, and found evidence that

supports structural change (Chow test = 155, p<0.Q1This indicates thahe determinants of

property value may affect singlamily homes and muHiamily homes differently, which may be due to
RAFFSNEYyOSa Ay O2yadzYSNEAQ LINBFSNBYOS F2NJ I YSYAGAS
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the market for SFHs as opposed to MFHwerefore we estimate two separate modetsSFHViodel
(Model 1) andMFHModel (Model 2 for the ordinary least squares (OLS) specification

Table3. OLSRegression Model Results

Variables SFHVodel MFHModel
(Model 1) (Model 2)
N 17600 3500
(Intercept) 50650 *** -25750
(9503) (31210)
Property characteristics
310 *k% _887 *kk
Age of property (35.2) (73.5)
. 158 *** 322 *x*
Size of property (1.2) (4.5)
. -204 *** -805 ***
AV/RMV ratio (72.6) (188)
Neighborhoodcharacteristics
Reading score 904 *** 1704 **
(293) (681)
Math score 532 *** -1026
(161) (656)
Distance to CBD -22740 *** -28930 ***
(753) (2399)
Crime rate per 1000 -226 *** 38**
(20.2) (16.3)
Population density -1.18 *** 1.40 ***
(0.37) (0.23)
Bike facility characteristics
Distance to nearest bike -0.46 -2.63 ***
facility (feet) (0.30) (-0.85)
Bike facilitydensity 2.39 *x* 6.02 ***
(feet in halfmile buffer zone) (0.25) (0.55)
Sale year (Reference = 2010)
-15730 *** -10420
2011 (2650) (6548)
-3499 14760 **
2012 (2538) (6598)
29320 *** 41310 ***
2013 (2470) (6185)
Adjusted R 0.669 0.694
F statistics 2738 611
(p value) (0.000) (0.000)

Notes: *** significant at 1% level; ** significant at 5% level; * significant at 10% level.
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For singlelamily homes, property valus arepositively related tdhe size of the poperty and age of the
property, and estimated coefficients are statistically significant at the 1% level. Each additional square
feet contributed approximately $158 worth of marginal value, while building age contributed $310 for
each additional year. Thimay be becausalder homes in Portland tend to have larger lots with bigger
yards (which is not captured in other variables in our model), and historical construction and design may
provide desirable attributes for home purchasers as weladdition, asingle family home with higher
percentage of property real market value that is assessed property taxes (as indicated through the
AV/RMV ratio) has a property value that is $204 lower for each percentage point, all elsefejual.
expected, neighborhood enacteristics are significant determinantsmbperty values for single family
homes: homes located in school districts with betteading and math scosin elementary schoolare

more valuable; properties closer to CBD, vé#sier access tvansit ard public servicealso havéiigher
values neighborhoods with higher population density and higbeme rates tended to have lower
property valuesBicycle facility characteristic coefficients indicate positive and statistically significant
effect of avaability of advanced ostreet bike facilities within a hathile buffer zone; each additional

foot increases property values by $2.88d proximity to these bike facilities increases values by $0.46
after controlling for all other variablesfter contolling for other determinantsThese results, taken
together, indicates that consumers who are in the market for SFHs prefertiothecloser tcadvanced

bike facilitiesandto have access to a dense network of bike facilitesadditional quarter mikeof bike
FILOATt AGASa ¢ A imkelradius buffediddhé ISdstinatérdo inkreasefSFH property values by
approximately $3,155 while being a quarter mile closer to the nearest bike facdigaseshese values

by $607.Year of sale fixed eftts estimates are generally statistically significant.

For multifamily homes, we found that coefficient estimates were similar to sinfdenily homes for a

few characteristics, but found that others did not match batherms ofsign (negative or posite) and
magnitude.Each additional squasieet of space contributed $322 to mufamily home values, and

each additional percentage point of its AV/RMV ratio negatively impacted values byNs@liistamily

home values are positively driven pgpulationdensity and lower building age, indicating differing
preferences for this population. It isasonable to suspect théthesepropertiesare usualljocatedin
mixeduse zones (both commercial and residentigith convenient access w@varieties of actiities,

which is correlated with both higher densities and relatively higher crime rBigth estimated bicycle
facility characteristic coefficients are positive and statistically significant. Being an additional foot closer
to advancedn-streetbike faciities results in &2.63increasein MFHproperty value,andan additional

feet ofadvanced bike facilitgensityin  LINR haff-Mile dufier zondranslates to an increase of
$6.02¢ KA& YSIya GKFEG Fy FTRRAGAZ2YFE | dzf NDiISMdius At S 2F ¢
buffer zone is estimated to increadé-Hproperty values by approximate$7,946, anceing a quarter

mile closer to the nearest bike facilitycreaseghese values by %472

For both residentigbroperty types,increases in the provision bfke infrastructure in the form of
advanced bikeoriority facilities lead to significantcrease inproperty valus. However thisimpactis
of greatermagnitude formulti-family homes than forsinglefamily homes.

3Each mile is equivalent to 5280 feet. A quarter mile is equal to 1320 feet.
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Regression Modelg Spatial Autoregressive Model (SAR)

Homebuyers and realtors often assess a given property value by referring to prices of aelarby

listed properties(using a comparable salassesment approach), since properties that are more close
by are better indicators of how much a property is truly wa@ellmer, 2013; Conway et al., 2010his
is specified in the form of gpatial dependency effe¢spatial aut@orrelation) andcan be included in

the hedonic property value modela the form of property value correlationsith property values of
homes sold in close proximitignoring this spatial autocorrelation may lead to inefficient coefficient
estimatiorsin the OLSspecification(Conway et al., 2010 hereforejn this sectionywe extendthe OLS
regression specification and utilize a spatial autoregressivéel (SAR) to control for thepatial
autocorrelation effect through spatial regression techniques.

Thereare two common used spatial models: the spatial lag model, and spatial error model. Spatial lag
model interprets spatial dependence as consequence of omitted variables. The general spatial lag model
form is:

., Wb - b os
wK S NY is a spatially laggetbpendent variable to represent the omitted variable in regressids.
the spatial lag parameter, whily/ is the spatial weighting matrix representing interaction between
different locationg(Conway et al., 2010Pn the other hand, thepatial error model iterprets spatial
dependence amodelmisspecifications. The general spatial error model form is:

r wi th &

5

WKSNB GKS 2NAIAYIE SNNBNI §SNY FTNBY h[{ A& Y2RSf SR
spatial error parameter, whileVs  Be&patigl error, which should be interpreted as the mean error
from neighboring locations, and v is the independent model gf@aiimer, 2013; Conway et al., 2010)

A spatial weighing matrixW is constructed usingyo specift neighboring methodsommonly used in

the literature: k nearest neighbors {dearest neighbors) and specific distance based neighbors (within
one-mile). This spatial weighting matrix is a representation of which properties are hypothesized to have
the mog impact on the property values at handnlkearest neighbors will capture the k nearest

properties sold while the specific distance based method captures all properties sold within a specified
circumference. These methods are illusé@ in Figure4 below. Furthermore, the weighting matrix is
row-standardize for further testingandmodeling
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Figure4. Spatial weighting matrix diagrams for twoeighboring methods

LM (Lagrange Multiplietests are conducted first to determine the existence of the above described
spatial dependence in Olpfoperty valuemodel. The technicalrocedureis attachedin AppendixA2.

The results showignificant autoorrelation in boththe lag term and error term itvoth the SFH and
MFHmodels.The lag term spatial autocorrelation was strongethe SFHnodel (Model 1), while the
error term spatial autocorrelation was stronger fine MFHmodel (Model 2)In order toavoid
overestimation of coefficients within the OLS property value model due to spatial autocorrelation, we
proceed with aspatial lag model foBFHgModel 3) anda spatial error model foMFHs (Model 4lising

the 4-nearest neighbors weighting matrix meitis

Compared with the OLS models, the coefficidnis spatialautoregressivenodelsare smallerin

magnitude following the hypothesis thahe OLS$roperty value models tentb produce

overestimations irthe effects of variables on property valseBy introducing spatiautocorrelation

terms, the new estimatedcoefficientsfrom Models 3 and 4 are more reliablendwe observe

improvements iroverall model fit as welSimilar to the OLS specifications, we see positive impacts of
property size on pperty values and negative (although smaller) impacts remained for AV/RMV ratios
for both SFHs and MFHSs. Single family home property values increased with age ($135 per year) while
multi-family property values decreased with age ($582 per y@&&ighbortood characteristics impact

4 Statistical tests showed better results with thendarest neighbors method compared to the within eméle
distance neighbors method.
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